Introduction
One of the scientific programs of the Fourth International Polar Year (Allison et al., 2007; www.ipy.org) , the ANDRILL (ANtarctic geological DRILLing) Program (Fig. 1 ) demonstrated ability to recover high quality marine and glacimarine sedimentary drill cores from high latitude ice-covered areas. ANDRILL's inaugural 2006 and 2007 drilling seasons resulted in the two deepest drill holes on the Antarctic continental margin, recovering high-quality and nearly continuous 2400 meters of sediment cores. A chief scientific objective of this collaborative effort of scientists, engineers, technicians, students, educators, drillers, and support personnel from Germany, Italy, New Zealand, and the United States is the recovery of sedimentary archives from which past climatic and environmental changes in the southern high latitudes can be reconstructed. More than 120 individuals have been involved in each of the two drilling projects, eighty of whom worked in Antarctica during each austral summer season.
Two Successful Antarctic Seasons
Completed in early December 2007, the AND-2A drillcore of the Southern McMurdo Sound (SMS) Project (Fig. 2) recovered 98% of the 1138.54 m of sedimentary rock penetrated, demonstrating that the ANDRILL drilling system (Fig. 5) is capable of consistently recovering high quality cores (Figs. 3 and 4) . The AND-2A drillcore is exceeded in depth only by ANDRILL's first drill hole AND-1B of the McMurdo Ice Shelf (MIS) Project (Fig. 2) , which reached a total depth of 1284.87 m with similar success of high core recovery. Capable of operating in a range of environmental settings, the MIS Project drilled from an 84-m-thick ice shelf platform in 943 meters of water, and the SMS Project operated on the surface of 8.4 m of multi-year sea-ice over a 384-m water column. Alex Pyne, the Drill Site Manager, merits recognition for the concept, design, and successful integration of elements of the ANDRILL drilling system. Both of the ANDRILL projects reached their scientific targets. The MIS Project, led by Tim Naish (NZ) and Ross Powell (U.S.), recovered a dynamic record of the last 13 million years of glacial and climatic variation of the West Antarctic Ice Sheet and Ross Sea region. The SMS Project (led by the authors of this report) completed drilling operations in late 2007 after recovering an expanded 600-m-thick section of the target interval that recorded a history of iceproximal, shallow marine paleoenvironmental variation during the middle Miocene. This interval has long been held as a fundamental step in development of the Cenozoic cryosphere-interpretations of deep-sea oxygen isotope records suggest the middle Miocene encompassed a change from a period of warm climatic optima, approximately 17.5 Ma to 14.5 Ma, to the onset of major cooling between c. 14 Ma to 13 Ma, and the formation of a quasi-permanent ice sheet on East Antarctica.
In addition to the 600-m-thick middle Miocene interval (800-223 mbsf), the SMS Project AND-2A drill core also recovered a lower Miocene interval (1138.54 up to c. 800 mbsf) of an expanded section through an interval previously recovered during the Cape Roberts Project and an upper Pliocene to Recent interval (223 to 0.0 mbsf) that is thinner but correlative to parts of the Upper Neogene section recovered by the ANDRILL MIS Project in drill core AND-1B. Abundant volcanic clasts and tephra layers also provide the materials to document the 20-million-year evolution of the McMurdo Volcanic Province including several previously unknown explosive volcanic events. the ANDRILL scientific and operations teams continue to plan for future scientific progress using the ANDRILL system through field-based site surveys, scientific planning, and technological developments. ANDRILL's capabilities are expanding to operate from an ice shelf platform several hundred meters thick and moving at a rate of more than two meters per day. The ANDRILL teams are also assessing the feasibility of reentering a drill hole, following relocation of the drilling rig and drill site science facilities. In the meantime, the science team members involved in the MIS and SMS projects are actively studying the drill cores and reporting initial results (Harwood et al., 2006 (Harwood et al., , 2008 Naish, et al., 2007a Naish, et al., , 2007b Naish, et al., , 2008 . These results are vital to SCAR's (Scientific Committee on Antarctic Research) ACE (Antarctic Climate Evolution) program (www.ace.scar.org), whose objectives are to integrate geological and paleoclimatic data into climate and ice sheet models to constrain estimates of Cenozoic ice volume variability, and terrestrial and marine paleotemperatures.
In support of the 4 th IPY's focus on education and outreach objectives (http://www.ipy.org), ANDRILL is also engaging and training the next generation of Antarctic geoscientists and educators through exciting and collaborative international research and is taking polar science adventure into classrooms and homes through a stimulating and diverse education and outreach program (http://andrill.org/iceberg).
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Future Activities and Planning
Programs like ANDRILL can help constraining uncertainties about the future behavior of Antarctic ice sheets and resultant sea-level change. These stratigraphic records will be used to determine the behavior of ancient ice sheets and to better understand the factors driving past ice sheet, ice shelf, and sea-ice growth and decay. This knowledge will enhance our understanding of Antarctica's potential responses to future global climate change. With this in mind, . Diamond-impregnated drilling bits enable the ANDRILL drilling system to recover high-quality core, with up to 98% core recovery through glacial and glacimarine sediments. 
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